The presence or absence of oxygen in the environment is a strong effector of cellular metabolism and physiology. Like many eukaryotes and some bacteria, Bacillus subtilis primarily utilizes oxygen during respiration to generate ATP. Despite the importance of oxygen for B. subtilis survival, we know little about how populations adapt to shifts in oxygen availability. Here, we find that when oxygen was depleted from early stationary phase cultures ~90% of B. subtilis 3610 cells died while the remaining cells maintained colony-forming ability. We discover that production of the antimicrobial surfactin confers two oxygen-related fitness benefits: (1) it increases aerobic growth yield due to increased oxygen diffusion, and (2) it maintains viability during oxygen depletion by depolarizing the membrane. When compared to a surfactin producing strain, viability in a strain deficient for surfactin is reduced ~50-fold after oxygen depletion. Surfactin treatment depolarized B. subtilis cells. As other depolarizing agents also restored viability, we conclude that surfactin restores viability to oxygen-depleted B. subtilis cells through depolarizing the cell membrane. These findings highlight the importance of membrane potential in regulating cell physiology and growth and demonstrate that antimicrobials that depolarize cells can benefit cells when the terminal electron acceptor in respiration is limiting. This foundational knowledge has deep implications for environmental microbiology, clinical anti-bacterial therapy, and industrial biotechnology.
In order for bacteria to thrive, they must be well-adapted to their environmental niche, which may involve specialized metabolism, timely adaptation to shifting environments, and/or the ability to mitigate numerous stressors. These attributes are highly dependent on cellular machinery that can sense both the external and intracellular environment. Methylobacterium extorquens is an extensively studied facultative methylotroph, an organism that can use single-carbon compounds as sole sources of carbon and energy. In methylotrophic metabolism, carbon flows through formaldehyde as a central metabolite, thus it is both an obligate metabolite and a metabolic stressor. Via the onecarbon dissimilation pathway, free formaldehyde is rapidly neutralized by formaldehyde activating enzyme (Fae), which is constitutively expressed at high-levels. However, in the presence of elevated formaldehyde levels, a recently identified formaldehydesensing protein, EfgA, and formaldehyde-responsive transcription factor, TtmR, induce growth arrest. TtmR is a member of the MarR family of transcription factors and impacts the expression of 73 genes distributed throughout the genome, many of which are themselves transcription factors and/or involved in stress response, including efgA. Interestingly, when M. extorquens is adapting its metabolic network during the transition to methylotrophy, efgA and ttmR mutants experience an imbalance in formaldehyde production and a notable growth delay. Therefore, although it is imperative that M. extorquens is more formaldehyde tolerant than non-methylotrophs, this work reveals a tradeoff in formaldehyde resistance and the efficient transition to methylotrophic growth and suggests that TtmR and EfgA play a pivotal role in maintaining this balance.
Microbial toluene biosynthesis was reported in anoxic lake sediments more than three decades ago, however the enzyme(s) catalyzing this biochemically challenging reaction have never been elucidated. We have recently reported a the first toluene-producing enzyme, a glycyl radical enzyme of bacterial origin that catalyzes phenylacetate decarboxylation (PhdB), and its cognate activating enzyme (PhdA, a radical S-adenosylmethionine enzyme), discovered in two distinct anoxic microbial communities that produced toluene. The unconventional process of enzyme discovery from a complex microbial community (>300,000 genes) rather than from a microbial isolate, involved metagenomics-and metaproteomics-enabled biochemistry, as well as in-vitro confirmation of activity with recombinant enzymes. This work expands the known catalytic range of glycyl radical enzymes (only seven reaction types had been characterized previously) and aromatic hydrocarbon-producing enzymes, and will enable first-time biochemical synthesis of an aromatic fuel hydrocarbon from renewable resources, such as lignocellulosic biomass, rather than from petroleum.
We recently b used experimental and computational data to evaluate the plausibility of three candidate PhdB mechanisms, involving either attack at the phenylacetate methylene carbon or carboxyl group [via H-atom abstraction from COOH or single-electron oxidation of COO -(Kolbe-type decarboxylation)]. In vitro experimental data included assays with F-and Dlabeled phenylacetate, kinetic studies, and tests with site-directed PhdB mutants; computational data involved estimation of reaction energetics using density functional theory (DFT). The DFT results indicated that all three mechanisms are thermodynamically challenging (beyond the range of many known enzymes in terms of endergonicity or activation energy barrier), reflecting the formidable demands on PhdB for catalysis of this reaction. Evidence that PhdB was able to bind α,α-difluorophenylacetate but was unable to catalyze its decarboxylation supported the enzyme's abstraction of a methylene H atom. Diminished activity of H327A and Y691F mutants was consistent with proposed proton donor roles for His327 and Tyr691. Collectively, these and other data most strongly support PhdB attack at the methylene carbon. An improved understanding of the PhdB mechanism will inform efforts at protein engineering to optimize the enzyme, paving the way to more efficient green biosynthesis of toluene, a widely used octane booster in gasoline that has a global market of 29 million tons per year.
The quorum-signaling regulator LitR represses motility and chemotaxis toward Nacetylated sugars in the symbiotic bacterium Vibrio fischeri.
Brittany Bennett 1 and Edward Ruby 1 1 Pacific Biosciences Research Center, University of Hawai'i, Honolulu, HI, USA Vibrio fischeri is a bioluminescent bacterium that forms a mutually symbiotic relationship with the Hawaiian bobtail squid, Euprymna scolopes. The bacteria colonize a specialized light organ within the body of the squid, producing luminescence that aids E. scolopes in evading predators during its nocturnal activities. Initiation of symbiosis occurs in the water column after the hatching of E. scolopes juveniles. V. fischeri forms aggregates at the entrance to the light organ and subsequently traverses along a chemotactic gradient into the crypts, the final bacterial niche within the light organ where light is produced. The V. fischeri genome encodes 43 methylaccepting chemotaxis proteins (MCPs), which act as sensors that detect various chemoattractants. While chemotaxis toward N,N′-diacetylchitobiose is known to be necessary for colonization of the E. scolopes light organ by V. fischeri, the MCP(s) involved in sensing N,N′-diacetylchitobiose have thus far remained unknown. In this work, we have found two MCPs that recognize N-acetylated sugars, and determined that deletion of these genes confers a lightorgan colonization defect upon the resulting V. fischeri mutant strain. Further, we have found that these MCPs are repressed by the quorum-signaling regulator LitR, which plays a key role in activating luminescence. LitR has recently been shown to also play other roles in V. fischeri, including the repression of motility. Taken together with this previous work, our results indicate that one of the broad functions of LitR is to turn down the activities necessary for finding and colonizing a new host while activating genes key to the established symbiosis. This work expands our knowledge of the roles played by LitR in switching from planktonic behavior to a sessile lifestyle within in a host.
Our work has systematically characterized how multiple cellular parameters influence gene exchange within extracellular vesicles. Gene transfer rates were measured for a library of plasmids with variable size, copy number, and origin of replication, revealing that although DNA cargo was randomly loaded, plasmid properties such as the origin of replication strongly influence the rate of gene exchange. Cells can also regulate vesicle exchange rates through the release of exogenous molecules that bind to the outer membrane. In eukaryotic systems, vesicle exchange often requires such molecules to reduce the large energetic cost associated with membrane restructuring during vesicle production and uptake. Several compounds were identified that increased both the rate of vesicle production and the rate of vesicle uptake. These compounds include antimicrobial peptides, demonstrating that membrane binding antibiotics may have a secondary role of regulating vesicle exchange at low, sub-inhibitory concentrations. In the larger context of horizontal gene transfer within diverse populations of bacteria, these results suggest that gene transfer via extracellular vesicles is a ubiquitous mechanism of gene exchange and the rate of exchange depends on multiple factors set by both the donor and recipient cells. Certain Bacteria have evolved adaptations to increase their supply of nutrients beyond the limitations of diffusion (1). One mechanism for increasing substrate uptake is rapid motility, a strategy which is exemplified by the genus of colorless sulfur bacteria Thiovulum. At approximately 10µm in diameter, Thiovulum majus can swim with speeds up to 600µm/s (2) . Although they are prolific swimmers, Thiovulum sp. are often found in nature in biofilms comprised of huge numbers of cells anchored to the sediment and one another via "slime" tethers. These biofilms (or "veils") use their rapid flagellar motion to pull aerobic water towards themselves, increasing their supply of oxygen (3) . While bacteria are generally incapable of increasing their substrate uptake in this manner, Thiovulum's large size and ultrafast swimming places it near the boundary between advection-dominated and diffusion-dominated fluid flow regimes (4).
Ultrafast swimming in a novel genus of purple sulfur bacteria
Here we describe a novel genus within the purple sulfur bacteria from Little Sippewissett Salt Marsh that shares the morphological and behavioral adaptations of Thiovulum, combined with a phylogenetic, genomic, and spectroscopic affiliation with the photosynthetic Chromatiaceae. High speed video microscopy analysis of thousands of single cells revealed swimming speeds up to 800µm/s. Like Thiovulum, these bacteria rapidly attach to surfaces where they retain rapid flagellar activity while tethered. This is the second fastest bacterium reported, only exceeded by "Candidatus Ovobacter propellens" (5), another inhabitant of sulfide-rich marine sediments. We hypothesize that this behavioral adaptation may allow these bacteria to thrive in regions higher up in the sulfidic sediment than other purple sulfur bacteria, allowing for greater acquisition of light energy, while supporting their electron donor needs through advective fluid flow. This convergence of motility behavior appears to be independent of any lateral gene transfer based on our analysis of a draft genome of this novel purple sulfur bacterium. In densely populated communities, bacteria often cooperate by secreting metabolically costly biomolecules, known as "public goods". Public goods have associated costs and benefits, and bacteria may have evolved strategies to optimize their production. We studied an example public good with the immediate cost of a reduced growth rate and the long term benefit of increased carrying capacity. Thus, there is a trade-off between instantaneous growth rate and the eventual population size.
Quorum sensing as a better strategy of time-delayed public benefit
Many bacteria regulate public good production using quorum sensing. In quorum sensing, gene expression is regulated by cell density, enabling delayed expression of genes relevant only to large populations of cells. Delayed expression of public goods has the potential to reduce the cost of production while maintaining the benefit of increased carrying capacity. In economic theory, the concept of a delayed benefit has been studied extensively, and we apply the associated mathematical model to analyze how bacteria could tune the quorum sensing regulatory mechanism to optimize growth of a strain producing a public good.
In experiments, a quorum sensing gene circuit was designed to regulate the public good amylase. Growth measurements demonstrated the trade-off between slowed growth and increased carrying capacity. Experiments also tested model predictions of the dependence of growth on quorum sensing parameters. This study shows that cells may have fine-tuned gene regulatory mechanisms to anticipate delayed benefits and also reveals optimal strategies for production of bacterial public goods.
The story of Martian atmospheric methane (CH4) remains enigmatic and under intense debate. In the past 15 years, a growing body of evidence has unfolded to suggest episodic appearances (and disappearances) of ppbv-level CH4. Myriad abiotic mechanisms have been suggested as potential CH4 sources, including cometary impacts, UV degradation of accreted organics, and Fischer-Tropsch-type synthesis coupled to serpentinization occurring in the subsurface. On Earth, however, abiotic processes account for less than 5% of total atmospheric CH4, with the remaining balance attributed to biological methanogenesis carried out by anaerobic Archaea.
Understandably, the quest to comprehend the nature of CH4 cycling on Mars is a fervent one, as it may be the most conspicuous biosignature detected on Mars to date.
Methanogens are not only among the most deeply rooted microorganisms in the tree of life, but they are also among the most successful: they have proliferated into nearly every habitable anaerobic environment and possess conserved adaptions for growth and survival under stressful conditions including exposure to prolonged desiccation, high salinity, strong oxidants, and temperature extremes. Thus, they are ideal candidates in the consideration of biology's potential contribution to Martian CH4.
To establish the potential environmental constraints for biological Martian CH4, we grew the methanogen Methanosarcina barkeri ATCC 51582 under conditions relevant to liquid subsurface brines serving as putative habitable environs for methanogenesis. To date, we have demonstrated evidence of hydrogenotrophic methanogenesis in liquid culture down to ~30 mbar and have isolated RNA at 30˚C, 0˚C, and with 10 mM Na-, Mg-, and Ca-perchlorates. At the time of this abstract submission, we are preparing growth assays under ambient Martian atmospheric pressure (7 mbar) and intend to determine growth and methanogenesis limits as they relate to sub-freezing temperatures and oxidant exposure. Comparative transcriptomics are underway to understand gene regulation patterns in response to increasingly Martian conditions. These results intend to determine the conditions limiting replication versus maintenance to explore the potential for methanogens' survival in the Martian subsurface. Emerging studies have revealed that host metabolism is intertwined with that of the gut microbiota, an interaction that ultimately plays a large role in host physiology. Uric acid, a small molecule that is causal for gout and has been associated with a number of other diseases, is a metabolic dead end in humans but has been shown to be degraded further by the gut microbiome. This joint metabolism has significant implications for human health; however, the gut commensals responsible for this degradation and the associated genes have never been described. Here we present initial steps towards characterization of the bacteria and pathways responsible for the anaerobic degradation of uric acid in the gut, as well as initial attempts at exploring the role of bacterial uric acid metabolism in mammalian physiology. We assembled a large collection of human gut strains and evaluated their capacity to degrade uric acid, subsequently exploring the most robust degraders in greater detail. Using bacterial genetics, we have identified the enzyme responsible for the first committed step in uric acid degradation in Clostridium sporogenes and have utilized this observation to determine a previously elusive candidate gene cluster for anaerobic uric acid metabolism. Importantly, this cluster is common among other uric acid degraders, suggesting a common metabolic process. To complement these in vitro experiments, initial studies in germ-free mice have demonstrated a significant role for the gut microbiome in mammalian uric acid processing. These findings provide new insight into host-microbe metabolic interactions, strengthening the case for gut bacteria as important regulators of host phenotypes.
A BACTERIAL CHECKPOINT PROTEIN FOR RIBOSOME ASSEMBLY MOONLIGHTS AS A METABOLITE-PROOFREADING ENZYME

The BioCyc Web Portal for Microbial Genomes and Metabolic Pathways
Peter D. Karp 1 Bioinformatics Research Group, SRI International, Menlo Park, CA 94025, USA (pkarp@ai.sri.com)
BioCyc.org [1] is an extensive web portal containing 14,700 microbial genomes and associated metabolic pathways. BioCyc databases are created through a process that combines computational inferences with imported and curated data from multiple sources. The first step in the creation of BioCyc databases is to run prediction algorithms for metabolic pathways, operons, PFam domains, and orthologs. We next run programs that import data from related databases (such as UniProt) including regulatory network data, protein features, subcellular locations, and Gene Ontology assignments.
Curated databases next receive intensive review and updating by a Ph.D. biologist that includes reviewing the computationally predicted metabolic pathways, entering new gene functions and metabolic pathways from the experimental literature, and defining protein complexes. The resulting databases are high-quality reference sources for the latest gene and pathway information. Overall the BioCyc databases have been curated from 87,000 publications.
The BioCyc website provides an extensive set of bioinformatics tools for searching and analyzing these databases, and leveraging them for analysis of omics datasets. Genome-related tools include a genome browser, sequence searching and alignment, and extraction of sequence regions. Pathway-related tools include pathway diagrams, a tool for navigating zoomable organism-specific metabolic map diagrams, and a tool for searching for metabolic routes that connect metabolites of interest. Regulation tools depict operons and regulatory sites, as well as showing full organism regulatory networks. Comparative analysis tools enable comparisons of genome organization, of orthologs, and of pathway complements. Omics data analysis tools support enrichment analysis and painting of transcriptomics and metabolomics data onto individual pathway diagrams and onto zoomable metabolic map diagrams. A new Omics Dashboard tool enables interactive exploration of omics datasets through a hierachy of cellular systems. SmartTables enable users to construct tables of genes, metabolites, or pathways, and to perform analysis such as transforming a set of pathways to all genes within the pathway set. We look at global patterns in the distribution of acquired resistance genes in the draft genomes of 352 E. coli samples gathered from two hospitals on the west coast of the US. By producing a nondeterministic clustering of genomes based on their resistance gene composition, we identify two highly successful gene combinations that largely explain the distribution of ESBL, gentamicin, and tobramycin resistance in these geographically proximal samples. We name these gene combinations "CG1" and "CG2," for "Complementarity Groups 1 and 2" because within each group, we find mutual antagonism between genes with similar resistance profiles, leading to functional diversification. The mutual antagonism extends across groups, leading to parallel evolutionary trajectories. By modeling gene flow based on a random distribution, we confirm the associations between pairs of resistance genes within each group. In 761 completely assembled genomes from NCBI, we confirm that the dominant presence of CG1 and CG2 applies to broader geographical and ecological contexts and verify the physical linkage of the genes within these two groups. For a given pair of resistance genes, we find that configurations placing them in high proximity and on the same strand tend to be more successful. We propose a model that includes a significant role for both physical linkage and mutual antagonism, and that draws parallels between adaptive evolution involving one gene, and involving multiple genes. As part of the model, we propose a process of stochastic finetuning by recombination and selection leading to the observed trends in the distribution of adaptive solutions (gene combinations), and generating multiple intermediates representing suboptimal solutions. Looking at the physical linkage between replicons, we confirm replicon mosaicism between IncF replicons and also find mosaicism between replicons belonging to different incompatibility groups. Both types of mosaicism could broaden the compatibility range of these plasmids, potentially accelerating the process of MDR adaptation. We also see a complex network of linkages between replicons and resistance genes, in which IncF replicons are central. While this analysis points to plasmids as the primary platform for generating adaptive solutions, we also observe significant gene flow to the chromosome, particularly for ESBL genes.
Metal ion homeostasis is critical for resistance to oxidative stress and cellular survival. It is relatively well established that regulation of iron transport is important for oxidative stress management in bacteria, but the role of other metals is less well characterized. In Gram negative bacteria, metal transport across the outer membrane is often facilitated by members of a diverse and poorly understood family of surface proteins known as TonB-Dependent Receptors/Transporters (TBDRs). In the aquatic bacterium Caulobacter crescentus , multiple lines of evidence suggest that several predicted, but uncharacterized TBDRs are important for metal ion homeostasis. We are in the process of functionally annotating this group of TBDRs by characterizing their substrates, physiological roles, and genetic regulation. Several TBDRs, both predicted and functionally annotated, are tightly regulated by metal ion concentration. In a metal-replete medium, they are significantly downregulated relative to a metal-free medium supplemented with EDTA. Furthermore, a strain with alleles in two of these predicted TBDRs is deficient in mid-stationary phase survival (72-96 hours in culture), more sensitive to sub-lethal concentrations of several antibiotics, and produces greater levels hydrogen peroxide. In addition, a deletion of one of these TBDRs causes a growth defect in metal-depleted media, which is rescued by the addition of cobalt to the medium. It is also more susceptible to several antibiotics than a wildtype strain. Together these preliminary results support a model in which cells can optimize survival under oxidative stress when they can properly regulate metal ion concentrations and that using a combination of bioinformatic, genetic, and physiological approaches will yield an effective functional annotation workflow in an undergraduate research environment.
Shedding Light on Instability: Luminescence Variation and Genetic Changes in Serial Culture by Photobacterium leiognothi KNH6
Mark O. Martin, PhD, Lauren Augusta, and Katie Hetterley Biology Department, University of Puget Sound, Tacoma, Washington, USA (momartin@pugetsound.edu)
Photobacterium leiognothi strain KNH6 is extremely luminescent, and has been shown by prior researchers to lack a quorum sensing strategy. Thus, the lux phenotype of this organism is constitutively active, and thus presumably a significant drain on the energetic budget of this bacterium.
We show here that, during twice daily serial passaging under aerobic conditions, P. leiognothi begins to display variation of bioluminescence within 2-3 days, as "dim" and "dark" variants begin to appear. Within 6-7 days of serial passage, "dim" variants come to dominate the population. Two "dark" variants, two "dim" variants, and a representative "dim" from the end of the passaging were used for further analysis. Variation appeared to be stable upon cultivation, and no differences in colonial size were noted.
Illumina sequencing showed that both "dark" variants contained a short duplication within the coding region of luxC, the fatty acid reductase enzyme responsible for synthesis of the aldehyde substrate for the luminescent reaction. All three "dim" variants contained a short deletion in a hypothetical gene annotation suggests encodes a pyridoxine 5'phosphate (PNP) oxidase-like and flavin reductase-like protein. No mutations were observed in other lux genes in this organism.
Discovery of cobamide remodeling in the human gut bacterium
Akkermansia muciniphila Kenny Akkermansia muciniphila is a prominent member of the human gut microbiota that is associated with a number of healthy phenotypes, such as a decrease in obesity, inflammatory bowel disease, and type 2 diabetes, and an increase in wound healing and antitumor responses. Identifying ways to increase the abundance of A. muciniphila in the gut is therefore an active area of research. Cobamides, a class of over 15 vitamin B12-like molecules, are nutrients that are required by most bacteria but produced by only a subset. All bacteria tested to date have preferences for specific cobamides. This introduces the possibility that cobamides can be used to alter the levels of a single bacterium or the overall composition of a microbial community. However, modulating growth in a predictable manner using cobamides requires knowledge of a bacterium's cobamide preferences. Thus, we performed growth assays on A. muciniphila with eight different cobamides under cobamide-requiring growth conditions. Surprisingly, A. muciniphila showed no cobamide preference, growing equally well with each. Extractions of A. municiphila showed that it was capable of cobamide "remodeling", a process whereby a cobamide is cleaved and rebuilt into a different cobamide. We have identified a novel gene encoding a putative phosphodiesterase which confers cobamide remodeling activity when expressed in E. coli, and can catalyze the cleavage of cobamides when purified and analyzed in vitro. This work leads to the question of whether this remodeling enzyme in A. muciniphila could have an impact on the cobamide profile within the human gut.
Most microorganisms spend the majority of their life in a state of maintenance or slow metabolism. However, our understanding of microbial life is mostly derived from studies of a few fast-growing microorganisms, while the fundamental features of the microbial biology of slow or zero growth are unknown. Here we present a comprehensive systems-level overview of slow growth under energy limiting conditions in the methanogenic archaeon Methanococcus maripaludis. We used a continuous culture system to grow this microorganism at different rates (as slow as 1% of its maximum growth rate). We found that the growth yield directly correlated with growth rate, due to a relative increase in maintenance energy at slower rates. In contrast to many fast growing bacteria, we found that in M. maripaludis cell size, average DNA-, RNA-, and protein content, as well as the number of ribosomes are invariant of growth rate -the different rates of protein synthesis are realized exclusively via changes in ribosome activity. In addition, we observed a complete lack of growth rate dependent resource allocation on the proteome level. Our insight into the acclimation of methanogenic archaea to slow growth conditions reveals properties that are fundamentally different from well-studied model organisms like E. coli, but might be more representative for the vast majority of environmental, slow growing organisms. Microbes in nature produce diverse redox-active pigmented metabolites, which can act as natural antibiotics and also profoundly affect microbial physiology, metabolism, and stress responses. We hypothesized that exposure to these metabolites, whether selfproduced or secreted by a neighboring microbe, could prime bacteria to both tolerate and evolve resistance to clinically-relevant synthetic antibiotics. To test this hypothesis, we first investigated the mechanisms used by Pseudomonas aeruginosa, an opportunistic human pathogen, to manage toxicity of a self-produced antibiotic, the phenazine pyocyanin (PYO). Using transposon sequencing (Tn-seq) and single-cell analysis, we show that tolerance to PYO is linked to (i) activation of efflux systems; (ii) responses to oxidative stress and protein damage; (iii) decreased membrane permeability/fluidity; and (iv) the growth state of the cell. We demonstrate that cellular responses to PYO help cells tolerate synthetic fluoroquinolone antibiotics such as ciprofloxacin. Furthermore, we establish that exposure to PYO increases the frequency of fluoroquinolone-resistant spontaneous mutants in both growing and stationary phase populations. PYO-mediated increases in fluoroquinolone tolerance and resistance occur regardless of whether PYO is produced endogenously or added exogenously to cultures of P. aeruginosa. The same phenomena can also occur in populations of non-phenazine producing bacterial species that have previously been co-isolated with P. aeruginosa from cystic fibrosis sputum, such as Burkholderia cepacia and Stenotrophomonas maltophilia, when these bacteria are exposed to PYO artificially or through co-culture with P. aeruginosa. Our work thus suggests that bacterial production of redox-active natural antibiotics may play an important role in modulating the efficacy of clinical antibiotics, as well as the rate at which antibiotic resistance arises in multispecies bacterial communities. Bacterial genomes harbor cryptic prophages that have lost the ability to excise from the host chromosome. Many cryptic prophage genes are conserved in related bacteria, but the functions of the majority of these genes is unknown. It has been proposed that many conserved cryptic prophage genes could play important roles in modulating cell physiology, metabolism, and stress responses. Indeed, the small RNA DicF and small protein DicB are cryptic prophage-encoded regulators of E. coli physiology and metabolism. When they are produced, DicF and DicB inhibit cell division by interfering with production and activity of FtsZ. DicF base pairs with ftsZ mRNA and inhibits its translation to reduce FtsZ synthesis, while DicB interacts with the MinC protein, an FtsZ polymerization inhibitor, and causes it to mislocalize to cell center to inhibit cell division. The location of the dicBF operon in a region similar to the immunity region of lambdoid prophages led us to hypothesize that DicB and DicF might play a role in resistance to phage infection. Transient induction of the dicBF operon followed by challenge with phage lambda resulted in a reduced efficiency of plaquing compared to control cells. The small protein DicB was primarily responsible for the phage resistance phenotype. We demonstrated that the resistance mechanism involves a step after successful adsorption of the phage to the host cell. Our results indicate that DicB inhibits lambda phage DNA injection through the inner membrane receptor ManYZ. In addition to serving as the inner membrane receptor for lambda and other phages, the ManYZ proteins function as the inner membrane permease of the mannose phosphotransferase system. We showed that DicB also inhibits growth of cells on mannose and other sugars requiring ManYZ for uptake, suggesting that DicB broadly interferes with permease function. Both the phageresistance and mannose growth inhibition functions of DicB require the previously identified interaction with MinC. Future experiments are aimed at understanding the link between DicB, MinC and ManYZ. The outcome will illuminate the role of the cryptic prophage-encoded functions in regulation of bacterial host physiology and phage resistance mechanisms.
An endogenously-produced redox-active antibiotic promotes bacterial tolerance and resistance to clinical antibiotics
A cryptic prophage-encoded small protein and small RNA influence E. coli physiology and susceptibility to phage infection
All energy-conserving electron transport pathways of methane-producing microbes terminate with reduction of the heterodisulfide of coenzyme M and coenzyme B (CoMS-SCoB) catalyzed by a diversity of heterodisulfide reductases (Hdr). HdrA2B2C2 of Methanosarcina acetivorans is an electron bifurcating enzyme for which the HdrA2 subunit oxidizes coenzyme F420 (F420H2) (Em = -380 mV) coupled to the unfavorable reduction of ferredoxin (Em = -414 mV) driven by the highly favorable reduction of CoMS-SCoB (Em = -140 mV) by HdrB2 (1). A mechanism is proposed involving two noncanonical 4Fe4S clusters for reduction of CoMS-SCoB by a HdrB2 homolog (2) . An understanding of the catalytic mechanism of HdrB2 was approached by heterologous production and characterization of wild-type and active variants in which cysteine ligands to the putative 4Fe4S clusters were replaced with serine. Redox and biochemical determinations of the reconstituted enzymes, together with EPR and Mössbauer spectroscopies, revealed one 4Fe4S cluster and one 2Fe2S cluster. Activity assays of the variants establish a mechanism involving only the 4Fe4S cluster. The results support a mechanism, contrary to the two-cluster mechanism, in which the heterodisulfide is reduced with a single electron from the Researchers performing microbiome studies of water samples will be able to apply the presented rigorous, unbiased workflow to obtain accurate microbial profiles.
Microbiome Assessment of Water Including Sewage Plant Influent/Effluent
Abstract:
Methods used to monitor the microbial content of potable and recreational waters, as well as treated wastewater discharges are limited to dated culture-based methods that utilize indicator organisms as surrogates for pathogenic species. Studies utilizing Next-Generation sequencing (NGS) to profile the microbial composition of water samples are now becoming more routine. However, it is well known that results are prone to bias and errors at every step of the workflow, including sample collection, DNA/RNA extraction, library preparation, sequencing and bioinformatics analysis. Therefore, care must be taken at each step in the workflow to minimize the effects of bias to obtain an accurate microbial profile for each sample. In addition, many studies utilizing 16S rRNA targeted sequencing are phylum or genus-level resolution, thus limiting the ability to distinguish between innocuous and pathogenic species.
The purpose of the present study was to profile microbiomes of various environmental and commercial water sources using an unbiased, standardized workflow for accurate analysis. In order to determine the precise differences among various samples, water was collected from a variety of salt, fresh, municipal, sewage, and commercial sources.
With the inclusion of validated mock microbial communities to ensure unbiased library preparation and sequencing, the microbial profiles of each sample were determined via 16S rRNA targeted sequencing and bioinformatics analysis. Surprisingly, in addition to the expected microbial differences between dissimilar water sources, strikingly different profiles were found among similar sample types collected from different locations. The findings reinforce the need for expanded sampling and the potential of NGS-based Microbiomics methods for water monitoring in the future. Rapid advances in sequencing technology have resulted in the availability of genomes from organisms across the tree of life. Accurately interpreting the function of proteins in these genomes is challenging, as homology alone is frequently a poor predictor for function. This challenge is especially pressing for organisms whose genomes are directly obtained from environmental samples, as interpretation of their physiology and ecology is often based solely on the genome sequence.
Classifying proteins using ASM-Clust: uncovering functional diversity in the complex iron-sulfur molybdoenzyme superfamily
We developed ASM-clust, a computational approach for de novo classification of large protein (super)families. ASM-clust can be used to assess whether annotation transfer based on homology is appropriate, to identify knowledge gaps, and to select prominent targets for further study. The classification is based on clustering a matrix of alignment score profiles, obtained by aligning all sequences in the protein family to a subset of the data. The matrix is visualized using t-distributed stochastic neighborhood embedding (t-SNE) and clustered using DB-scan.
We apply our approach to 57,289 protein sequences of the complex iron-sulfur molybdoenzyme (CISM) family retrieved from NCBI. The CISM family is a diverse protein family that enables anaerobic respiration using a wide range of electron acceptors, and the biochemical diversity of this family suggests further catalytic capabilities remain to be discovered. We assign 57,003 protein sequences to 84 clusters, and find that 70% of these clusters indeed contain no characterized representatives.
We further investigate a small, but phylogenetically broadly distributed, cluster and predict it to be a novel selenate reductase based on its presence in the genomes of known selenate reducing organisms that lack the characterized selenate reductase. Thus, we show that classification of protein family using ASM-clust can be a valuable method for hypothesis generation, and selecting or prioritizing targets for experimental characterization. Future work will include experimentally testing our classification predictions.
Defining in vivo Giardia physiology and commensal microbiota dysbiosis associated with parasite density during infection in mice
Starcevich, H., Nosala, C., Dawson, S.C. University of California, Davis, U.S.A Giardia lamblia is a microaerophilic protozoan parasite of humans and animals that causes significant diarrheal disease worldwide. While Giardia colonization of the small intestine occurs in a niche already inhabited by commensal microbiota, in vivo Giardiamicrobiome interactions have been largely ignored in models of pathogenesis. We recently showed that Giardia infection in mice results in dysbiosis throughout the gastrointestinal tract characterized by blooms of aerobic bacteria and the depletion of obligate anaerobes. Altered redox chemistry at the site of infection and a shift to a more oxic microenvironment may benefit the parasite. Giardia is able to maximize its metabolic potential under in vitro microaerobic growth as compared to strictly anaerobic growth. Here we focus on Giardia-microbiome metabolic interactions at the primary site of infection and how parasite colonization density impacts the local ecological homeostasis of the gastrointestinal tract. We conducted a pilot metatranscriptomic study to interrogate microbiome diversity, abundance, and metabolism associated with both high-density and low-density areas of Giardia colonization. We infected cohorts of male and female C57/B6J mice with a constitutive bioluminescent bioreporter Giardia strain GDH_FLuc. We used bioluminescent imaging (BLI) to precisely sample gastrointestinal regions of the gut associated with high-density and low-density colonization. Total community genomic DNA and RNA was extracted and sequenced from regions with dense Giardia colonization and from control, uninfected animals. We are using total microbiome community metatranscriptomic profiling and metabolic analysis to estimate the diversity, abundance, and physiology of commensal bacteria in sites of Giardia colonization. In particular, we focus on microbiome carbon and nitrogen metabolism. This study allows us to develop a more comprehensive understanding of the ecological interactions between the host microbiome and Giardia, and lays the groundwork for development of mechanistic models to define and ultimately manipulate hostmicrobiome-parasite interactions. Several species of bacteria are able to modify their swimming pattern in response to chemical attractants or repellents. This process can be characterized by means of the tumbling frequency, which is defined as the number of turns, or changes in swimming direction performed by a bacterium per second. In the absence of a chemical attractant, bacteria move by "random walks", which are characterized by a high average tumbling frequency, with typical values of 0.5 turns per second. After a chemical attractant is sensed, chemotactic bacteria decrease their tumbling frequency to values as low as 0.01 turns per second. As a result, cells in a culture effectively swim towards higher concentrations of the attractant following straight paths.
Methods for the quantitative analysis of bacterial chemotaxis such as quantitative capillary assays are tedious and time consuming. Computer-based video analysis of swimming bacteria represents a valuable method to directly assess the chemotactic response of bacteria. Even though multiple studies have used this approach to elucidate various aspects of the bacterial chemotaxis, to date, no computer software for such analyses is freely available. Here, we introduce TaxisPy, a Python based software for the quantitative analysis of bacterial chemotaxis. The software comes with an intuitive graphical user interface and can be easily accessed through Docker on any operating system. Using a video of freely swimming cells as input, TaxisPy estimates the culture's average tumbling frequency over time. We demonstrate the utility of the software by assessing the effect of different concentrations of the attractant shikimate on the swimming behavior of Pseudomonas putida and by observing the adaptation process that Escherichia coli undergoes after being exposed to L-aspartate. Filamentous, heterocyst-forming cyanobacteria belonging to taxonomic subsections IV and V are developmentally complex multicellular organisms capable of differentiating an array of cell and filament types, including motile hormogonia. Hormogonia exhibit gliding motility that facilitates dispersal, phototaxis, and the establishment of nitrogen-fixing symbioses. The gene regulatory network (GRN) governing hormogonium development involves a hierarchical sigma-factor cascade, but the factors governing the activation of this cascade are currently undefined. Here, using a forward genetic approach, we identified hrmK, a gene encoding a putative hybrid histidine kinase that functions upstream of the sigma-factor cascade. Deletion of hrmK produced non-motile filaments that failed to display hormogonium morphology or accumulate hormogonium-specific proteins or polysaccharide. Targeted transcriptional analyses using RT-qPCR demonstrated that hormogonium-specific genes both within and outside of the sigmafactor cascade are drastically downregulated in the absence of hrmK, and that hrmk may be subject to indirect, positive autoregulation via sigJ and sigC. Orthologs of HrmK are ubiquitous among, and exclusive to, the heterocyst-forming cyanobacteria. Collectively, these results indicate that hrmK functions upstream of the sigma-factor cascade to initiate hormogonium development, likely by modulating the phosphorylation state of an unknown protein that may serve as the master regulator of hormogonium development in heterocyst-forming cyanobacteria.
The hybrid histidine kinase HrmK is an early-acting factor in the hormogonium gene regulatory network
